Daylight saving time (DST) could reduce collisions with wildlife by changing the timing of commuter traffic relative to the behaviour of nocturnal animals. To test this idea, we tracked wild koalas (Phascolarctos cinereus) in southeast Queensland, where koalas have declined by 80% in the last 20 years, and compared their movements with traffic patterns along roads where they are often killed. Using a simple model, we found that DST could decrease collisions with koalas by 8% on weekdays and 11% at weekends, simply by shifting the timing of traffic relative to darkness. Wildlife conservation and road safety should become part of the debate on DST.
Introduction
Daylight saving time (DST) is used across most of the USA and Europe and parts of Australia to prolong daylight in summer evenings; it is a contentious policy, often disparaged by the public and media. Implemented during WWI to reduce energy demands, DST may actually increase modern energy usage as people run air conditioners for longer [1] . DST may also interfere with sleep [2] , decrease health and well-being [3] , and increase traffic fatalities [4] as people struggle to adjust their internal biological clocks [5] . But-as we show here using wild koalas (Phascolarctos cinereus)-DST may have important benefits to wildlife conservation that need to be part of any debate on its abolishment or implementation.
More than 350 million vertebrates are killed on US roads every year [6] , causing around $1bn in damage [7] , and the situation worsens as we extend residential, commercial and agricultural zones [8, 9] , further fragmenting natural habitats [10, 11] . Collisions causing injury to drivers usually involve large animals such as deer or moose, camels, and kangaroos, wallabies and emus, but the ecological cost of collisions with smaller, endangered or vulnerable species must also be accounted for. Road strikes are the single largest factor associated with population declines of koalas in Queensland, Australia [9] , which are classified as vulnerable by the Queensland Nature Conservation Act 1992 and Commonwealth Environment Protection and Biodiversity Conservation Act 1999. Driver education and signage has had little impact on vehicle-deer collisions in the USA [7] , and speed limits have not reduced koala deaths in Australia [9] . However, collisions with wildlife are most likely to occur during twilight or darkness [12, 13] , overlapping with the evening commute, so shifting daylight hours via DST may reduce the probability of road casualties for both humans and wildlife.
In this study, we amalgamate data on the movements of wild, semi-urban koalas with the timing and volume of vehicular traffic to estimate how the implementation of DST in Queensland, Australia, would likely decrease koala mortality on weekdays and at weekends, simply by shifting the timing of traffic.
Material and methods
We used data from the Queensland Department of Transport and Main Roads (QTDMR) to quantify traffic flow for three main arterial roads in semi-urban Brisbane-Finucane Road, Redland Bay Road and Mt Cotton Road-which transit natural bushland and urban developments and have substantial populations of wildlife. Koalas are often killed on these roads [9] . We also acquired data from QTDMR [13] on reported wildlife-vehicle incidents involving vehicular damage in Queensland.
To determine the frequency and timing of road crossings by semi-urban koalas, we tracked 25 individuals in two locations in southeast Queensland: Coomera and Redlands. Until recently, Coomera was high-quality koala habitat; now it is a mix of building sites, established houses, new roads and small patches of remnant vegetation. Redlands is an increasingly urbanized region where arterial roads and heavy traffic pass through bushland patches containing koalas and other mammals. We tracked 14 koalas (7 male, 7 female) in Coomera from October 2009 until October 2010, and 9 female koalas in Redlands from September 2009 until October 2010.
Koalas were captured and collared using standard methods [14] . Each koala was fitted with a Sirtrack koala-GPS collar (Havelock North, New Zealand) (150-160 g) and released into its tree of capture; each collar also had a standard VHF radio transmitter for tracking from the ground (three element yagi; Sirtrack, Havelock North, New Zealand) [14] . Each GPS collar recorded location of the koala once every 2 h for 10 months.
Each time a move was detected, the hour corresponding to the second fix was recorded as the hour of the move. Stationary collar tests [14] determined that horizontal dilution of precision (HDOP) values of 2.1 were accurate to 10 m. From 11 445 GPS locations at Coomera, 5170 conformed to our accuracy criteria and there were 1182 koala moves greater than 10 m. At Redlands, 4531 of 7952 GPS locations conformed to our criteria and there were 2355 koala moves greater than 10 m. We compared koalas' GPS locations with aerial imagery to determine when road crossings occurred.
To model the collision risk between koalas and vehicles, we tracked two additional koalas at a higher sampling frequency (15 min) between November 2010 and February 2011. From these data, we recorded 1866 koala moves greater than 10 m from 5227 GPS locations, with 2352 of these accurate enough to include in our analyses. We then compiled these koala movements with traffic data to create a simple model of collision risk, using the product of the proportion of koala movements per hour (k) and the proportion of traffic occurring per hour (v) as: k Â v.
Results and discussion
Traffic flows ranged from around 1600 vehicles per hour (vph) at Mt Cotton Road to around 3000 vph at Finucane Road.
Weekday flows peaked at 07.00-08.00 h and 15.00-17.00 h, corresponding with commuter traffic (figure 1a); at weekends, peak traffic occurred at 11.00 h, with volumes remaining elevated at dusk (figure 1b) (see supplementary material for data).
In 2014, 1348 collisions were reported in Queensland that involved wildlife and caused damage to vehicles (QTDMR); collisions peaked around dusk regardless of time of year-shifting from 1700-1800 h during the darker months (April-September) to 1800-1900 h during the lighter months (October-March) ( figure 1c) . Overall, the number of collisions increased with increasing hours of darkness, doubling between the lightest and darkest months of the year (figure 1d
Most reported collisions with animals, and those most probable to cause damage, are with larger mammals such as kangaroos, wallabies, wombats and emus [15] . Yet in southeast Queensland, vehicles cause more than 300 koala deaths every year and are one of the greatest causes of their population decline in this area (Australian Department of Sustainability, Environment, Water, Population and Communities). Koalas typically rest during the day and become active during the early evening and throughout the night, when they move from resting to foraging trees [16, 17] . They spend only 10% of their time on the ground. In our study, koalas regularly traversed open areas, vegetative strips and roadside vegetation, but they crossed roads less frequently. Even so, we recorded a total of 45 road crossings by five individual koalas (two at Coomera and three at Redlands), with 49% of crossings occurring during evening twilight (approximately 16.00-20.00 h) and 64% occurring during late evening twilight or darkness (approx. 18.00-04.00 h) (figure 2a).
Two koalas tracked at 15 min intervals showed similar movement patterns to those previously tracked at 2 h intervals, becoming most active around 16.00 h. Koala activity and vehicular traffic both peak in the late afternoon/early evening period in southeast Queensland (figures 1a,b and 2), suggesting that policies to reduce this overlap might reduce collision rates. We used these koala activity and traffic data to create a simple index of koala-vehicle collision risk, assuming that the frequency of collisions between koalas and vehicles in any given hour would be a product of the probability of a koala moving and the proportion of traffic occurring in that hour. Shifting standard time forward by 1 h reduced the overlap between peak koala and traffic periods ( figure 2c,d) , particularly during the evening, resulting in an estimated 8-11% drop in koala strikes during the week and weekend, respectively (table 1) (GLM; F 2,5 ¼ 23.5; p , 0.001). Although nonsignificant, collision risk seemed to decrease relatively more during the weekend (figure 2d) than during the week (figure 2c) (GLM; F 2,5 ¼ 4.2; p ¼ 0.06), because DST on weekdays reduced the likelihood of evening collisions but caused a slight increase in collision risk during the morning commute.
In southeast Queensland, koala populations have declined by 80% since 1998. Our study suggests that a measure as simple as implementing DST could, with relative ease, prevent many koala deaths each year. We hope that our study will encourage the Queensland government to consider the benefits of implementing DST, but we also hope it inspires rsbl.royalsocietypublishing.org Biol. Lett. 12: 20160632 other studies to explore the value of DST to wildlife conservation-particularly in those regions considering its abolishment. Koalas are not likely to cause human fatalities, but kangaroos, deer, moose and other large mammals are. Our idea is simple, yet to our knowledge no one has presented evidence of this kind in favour of DST, and there are many Data accessibility. All supporting data can be found in the electronic supplementary material tables. Table 1 . Comparative index of collision risk based on the proportion of koala movement and hourly volume of vehicular traffic on three main arterial roads in southeast Queensland. We found a significant difference between DST (daylight saving time-shifted) and ST (standard time) (GLM; F 2,5 ¼ 23. 
